INTRODUCTION
The polyhydroxylated pyrrolidine, piperidine, indolizidine, pyrrolizidine and nortropane alkaloids have glycosidase inhibitory activities and thus have potential utility as antiviral, anticancer, antidiabetic and antiobesity drugs. [1] These potentially useful biological properties along with the novel structures have made these compounds and their analogues attractive and important synthetic targets. [1] A large majority of the polyhydroxylated bioactive alkaloids or azasugars contain a pyrrolidine ring moiety decorated with one or two hydroxyl group functionalities During our synthetic studies on the Stemona alkaloids we unexpectedly prepared the novel Meyer-Schuster rearrangement product the enal 1. [2] Intermediate 1 has an ,-unsaturated aldehyde moiety which could be potentially useful for the synthesis of polyhydroxylated pyrrolidines, pyrrolizidines and indolizidines. Here we report the diastreoselective synthesis of the two new trihydroxylated pyrrolidines 2 and 3 from the aldehyde 1 (Scheme 1).
Scheme 1 RESULTS AND DISCUSSION
Our synthetic approach started from enantiopure imide 4, which can be readily synthesized from (-)-malic acid. [3] Imide 1 was alkynylated with lithium trimethylsilylacetylide, which was prepared from TMS-acetylene (1.5 equiv) and nBuLi (1.5 equiv). The crude reaction mixture was treated with LiOH, to remove the TMS group, to give a mixture (6:4) of diastereomeric hydroxy lactams 2 in 74% yield.
This mixture was treated with borontrifluoride·etherate (1 equiv) which rapidly (2-5 min) gave the Meyer-Schuster rearrangement product 1 as a single E-isomer in excellent yield (86%). The E-geometry of 1 was established from a NOESY study that showed a cross peak between the N-benzyl methylene protons and the alkene proton.
The E-isomer was also expected from the work of Huang on related compounds.
[4]
The aldehyde 1 was reduced to the alcohol 6 using NaBH 4 in MeOH, followed by hydroxyl group protection with TBDPSCl/imidazole in CH 2 Cl 2 to give the TBDPS ether 7 as shown in Scheme 2.
Scheme 2
Reagents and conditions: a) HCCSiMe 3 , nBuLi (1.5 eq) / THF, - Having first investigated the stereoselective dihydroxylation of 7 using the Sharpless asymmetric dihydroxylation reaction conditions, [5] we discovered high trans diastereoselectivites at the pyrrolidine ring (C-4/C-5) but only 1:1 anti/syn diastereoselectivites at the pyrrolidine ring (C-5) and exocyclic stereogenic centre (C-1'). However, when we used K 2 OsO 4 .2H 2 O/NMO in acetone and H 2 O (2:1), high trans diastereoselectivites at the pyrrolidine ring (C-4 / C-5) and also high 5:95 anti/syn diastereoselectivites at the pyrrolidine ring (C-5) and exocyclic stereogenic centre (C-1') were observed. This resulted in isolation of the diol 8 in 72% yield (Scheme 3). [6] The configuration at the aminol carbon (C-5) was not unequivocally established. Reductive of 8 with Et 3 SiH/BF 3 ·OEt 2 gave only the trans diastereomer 9 in 77% yield. The stereochemical outcomes of this reaction was expected due to the stereodirecting effect of the C-3 pyrrolidine substituent in 8. [4] Evidence for the configuration of 9 was obtained from NOESY NMR experiments which showed a significant correlation between H-5 and H-1' and no correlation between H-4 and H-5 (Figure 2) . Further, J 4,5 was 0 Hz, consistent with the 4,5-trans configuration. [7] Lactam 9 was reduced to the pyrrolidine 10 using LiAlH 4 in 83% yield. Finally debenzylation of 10 by hydrogenolysis over PdCl 2 gave the hydrochloride salt of 2 in nearly quantitative yield (Scheme 3). Figure 2 . NOESY correlations for compounds 9 and 11.
Hydroboration of 7 using BH 3 ·SMe 2 in THF and subsequent oxidative work up using H 2 O 2 [6] in alkaline solution resulted in the formation of an unidentified UV-inactive side product, and gave the desired product 11 in an unsatisfactory yield of 32% (Scheme 4). However, when the alternative oxidant, NaBO 3 .4H 2 O [8] was used the yield of 11 was more satisfactory (50%). The configuration of 11 was established by NOESY NMR experiments (Figure 2 ). Further, J 4,5 was 6.0 Hz, consistent with the 4,5-cis configuration. [7] Lactam 11 was reduced to the pyrrolidine 12 using BH 3 ·DMS in 72% yield. Finally debenzylation of 12 by hydrogenolysis over PdCl 2 gave the hydrochloride salt of 3 in nearly quantitative yield (Scheme 4). 
CONCLUSIONS
The synthesis of two new trihydroxylated pyrrolidines, in a highly diastereoselective manner, has been developed using the Meyer-Schuster rearrangement as a key step.
The trihydroxylated pyrrolidine 2 was obtained as its hydrochloride salt in eight synthetic steps from 4 in 23% overall yield, while the hydrochloride salt of 3 was obtained in seven synthetic steps and 18% overall yield from 4. This methodology could, in principle, be extended to the synthesis of natural and unnatural polyhydroxylated pyrollizidines and indolizidines.
EXPERIMENTAL
General methods were as previously described. [7] ( 
(4S,5R)-1-Benzyl-4-(benzyloxy)-5-((R)-2-(tert-butyldiphenylsiloxy)-1-hydroxyethyl)-5-hydroxypyrrolidin-2-one (8)
To a solution of 7 (0.26 g, 0.46 mmol) in a mixture of acetone (6 mL) and water (4 mL) was added K 2 OsO 4 .2H 2 O (8.5 mg, 0.023 mmol) and NMO (0.13 g, 1.11 mmol).
The solution was stirred at rt for 3 h until disappearance of starting material by TLC.
The reaction mixture was quenched with saturated potassium bisulfite solution (5 mL), stirred for a 10 min and diluted with water (5 mL) and extracted with EtOAc (3x10 mL). The organic layers were combined, dried over MgSO 4 and the solvent was concentrated in vacuo. The crude product was chromatographed on silica gel (3:1 EtOAc/petrol) to give the title compound as a colorless liquid (0.2 g, 72%). R f = 0.48 
